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ahaata for praaaworUng praparad by tha roll and 



Aprooaaairxjanaqu*prnamforfn*cfos» 
aurfaea of a roflng rot. and a mataOe thin ahaat and 
prparatton tharaof by tra na farraaig tha mtero-pattam on tha 
aurfaea by uaa of tha rol ore provldad. Such a rotflng rol can ba 
attainad by a mathod wharain raaln fflm mbtad with optical 
Absorbing sosnt fa formad on tha aurfaea. a Q switch YAQ laaar 
having an output of 5 to 100 W Is appftad to maica a marking of 
thla raaln 1am. a part of tha eoatad flm la ramovad in strictfy 
aceordanca with tha pattarn, than an atcitt^ precaM la appaad 
to tha rol aurfaea. Tha matafle thin ahaat atdn pass roaad by 
trat roi is uaad aa a car panal balng luporior In praaaworkabisty 
and sharpnaaa of ranaetlona. 
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Description 



BACKGROUND OF THE INVENTION- 5 

Field of the Invention 

me present Invention relates to s process and 
equipment for micro-pattern forming on the surface 
of a rolling roil fn forming a precise pattern having a ro 
number of projections and indentations In the same 
Sl f. a ^ metaJ obtain#d through the roffing 

rou which are to be pressed and painted like outer 
panels of automobiles for example, and a method of 
preparing the metal shMs. 1S 

Prior Art 

The beautiful appearance of a car body has 
recently come to be keenly demanded. Actually, a 
car body indistinctly reflecting a surrounding scene 20 
m the surface thereof is becoming no more 
appealing to car owners; that is, the car owners 
demand such a car that sharply reflects a surround- 
ing scene In the body surface. The sharpness of 
reflection of the scene thus reflected in the body 25 
surface is evaluated by a DOI value by measuring the 
rate of reflection of a sitt Dght that has entered the 
surface oi fthe car body at a given angle. The larger 
the value thus obtained, the rdgher tfw srevprmsof • 
reflection in the car body surface. 30 

Nowadays, there is adopted a method of forming a 
number of projections and Mentations * the 
surface of a roiling rofl by projecting pulses of a laser 
beam directly to the surface of the rot, and 
transferring a pattern of the projections and indenta- 36 
tiona from the rofl surface to the surface of a 
coid-roBed steel sheet by the use of the rol having 
theproje<tfc« 

skin pase rolling process after the anneafing of the 
steel sheet ^ 

A dull-surface sJdn pees roffing rofl with the 
surface roughened by forming projections and 
indentations by shot blasting has been popularly 
used m skin pass raffing, thereby traruferrir* the 
pattern of promotions and Mentations to the 45 
surface of the steel sheet and steel sheets thus 
*• ** ' ***** pnwworWng. 

The pattern with projections and Mentations 
formed in the rofl surface by the use of the laser 
beam differs from that formed through a conven- so 
tionaJ shot Wasting process or an tiectncaWis- 
charge duffing process. The projections and Menta* 
tions are formed uniform in size and at a fixed pitch 
throughout the rofl surface. Therefore, steel sheets 
processed by this process and painted have such an 55 
advantage that the surface thereof hae Ngher 
sharpness of reflection, and has excellent resistance 
to die galling at the time of pressing. 

Prior arts disclosed in Japanese Patent Lald-Open 
Nos 55-94790 snd 56-119687 end Japanese Patent 60 
Pubication No. 56-25557 are the processes de- 
scribed above or variations thereof. 

Conventional laser-beam machining technology 



has the following problems. 

(1) Since the laser beam Is directly applied to 
the roll surface to make Indentations, a laser- 
beam oscillator is required to output a high 
power of 1 kW or more for efficient machining of 
• work, such as a rolling rod, having a wide 
surface area. It is, therefore, natural to adopt a 
COa laser. This CO* laser, however, is of a large 
size and needs larger maintenance costs and 
labour. 

(2) In a pattern of projections and Indents- 
"ens thus produced by such a laser-beam 
machining eo^pment each Indentation is likely 
to become of a rfng-Ike or sfmflar form with 
molten metal deposited around It It Is therefore 
impossible t0 form * pattern of projections and 
Mentations into a free shape. 

(3) The pattern of projections and Menta- 
tions formed by merang the metal with the laser 
beam is composed of austenite m the projec- 
tion-Mentation section. A rofl having projec- 
Hons and Mentations thus formed has a low 
wear resistance when used in roffing. 

(4) The diameter of each Mentation of the 
pattern of projection and Mentation is deter- 
mined by the dtameter of a laser beam con- 
varged by a condenser. This olameter can n t 
physically be decreased below about 100 um 
because of a long (10.6 um) wavelength of the 
COs laser beam. 

(5) To Insure efficient machining of a wide 
surface area, It is necessary to produce a laser 
beamof very Nc^nw^ier^ pulse wave. In the 
case of the COt gas laser, however, this can not 
be reafized by electrical means such as Q 
switching. Accordingly, a mechantesJ chopper 
has been used for this purpose. This method, 
however, also has a problem that a high 
mechanics! chopper and rofl speeds and 
Phases do not necessar&y match each other 
snd a pattern obtained has projections and 
Mentatione irregularly arranged. 

As a means to solve the above-mentioned 
problems, a photo-etching method used in pattern 
forming on rofl surface in a gravure printing machine 
Is adopted. 

This photo-etching process Is adopted to produce 
a roffing rofl having a roughened surface with a 
uniform projection and Mentation pattern. Steel 
places manufactured by use of the rofl have 
excellent pressworiong and decorative properties as 
long known, for example as disclosed in Japanese 
Patent Pubication No*. 41-14973 and 46-19535. 
However, this process has not yet been put into fully 
practical use because of Its low rofl processing 
efficiency and very high cost 

The photo-etching process, as wel known, may 
be broken down into the Mowing steps. 

( 1 ) Activation of rofl surface 

(2) Appflcation of resist (phot sensitive cor- 
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rostocw-esistam agent) 

(3) Drying 

(4) Rim affixing 

(5) Exposure to light 

(6) Removal of film 

(7) Development 

(8) Drying 

(9) Etching 

(10) Removal of resist 

(11) Post-treatment (washing, neutralization, 
ate.) * 

TWs photo-etching process can ba used to form a 

fl £ 6 J 3 '° iections Mentations on a 
rolling roll. Particularly in processing a \ara»r B n 

l^TJ^*™ "** ™"* ^ho^rs but 
d * ri<room - moreov^ sine, „ „ 
difficult to adopt automatic operations, the process 
la extremely disadvantageous in manufacturing 
coats as compared with the aforesaid shot-blasting 
process or laser beam machining process 

Japanese Patent Publication No. 62-11922 dis- 
closes a process for covering a sheet surface with 
an acid corrosion-resistant material, locally de- 
"Wo** coated surface with a laser beam, and 
chemically etching the locafty uncovered spots. This 
however, is stifl prematura to be practically 
adopted as a substantial process. 7 
* 9 * t v stM< shaats provided with projections and 
Indentations wD be described, 
in Japanese Patent Publication No. 62-11922 and 
P«ent Law-Open No. 62-168602 to Se- 
* ■"•**•«« dulling process wherein pulses 

o term projections and indentations at a fixed pitch 
In the surface of the rol. According to the precesT 
su«e regular projections and IndenUttoiJawS 
1" UMnr/ * pteinfl °" • briBnt «* steel 
Provided with level sections and prelections and 
Known that m tha lava, sactlona. no krmmiimr 
reflection la obtained rather aim. JSvS^aZ 

The sharpness of reflection of a steal sheet 

JJ'J^J-nw of rrtl^ af^ 

*m sheets undergo panting by 
dip coating or spray washing. Generally, the painttno 
Pj^proviow lev* pre*«K^'i^LS 

c^n^J^^ Improving 001 J 

"""Pared with the sheet before painting. 
Jr. vertical painting. such as the dip coating ,oalnt 
«qu« appltod to the sheet flow, o^m^Se shert 
_w«h tha gravity thereof, ti tras^sa? w£> 



- ^ me pant flows 
"^1^*"^^: howevar, there 

"ow 



Is any 



of ^ w* ^^'r^ran^r: 
mm thickness of the coating. 
As stated above, a steel sheet with projections 



^l£T;t 0na ^ • ,ar 9* ratio of <!., vea ln 
me surface thereof and having fixed paths m«» .mJ2 
the uniform flow of the paM »W!SS^£: 
because of the sharpness of reflection. aSS^Z 

wWto • «hMt manufactured bv 

r.H_ g done °* flrst holding edges of a sheet 
between a die and a blank holder: appWng a ijK 

P^Wng the sheet at the center into a predete" 

t JZf ^"i** ^ b-comas «" ^ charVc- 

Wax indicating me 

» fit£E^J^ ' Wctton- ""stance ft ws' 
thedle. resulting in a fracture thereof 
The surface of the steel shwt wherroreaLj i. 
commonly coated with a a*rt3£ <£T ! 
JJJW to obtah . aubst^XVmL 3 

.«2^ m ^ m ^ , ^ rota, P ro btemofgafllnathat 
* t0 ^ J" ««• of a hkjh frtcttonal 

* sup^ah1r!l^ ,, ^^ , ^«««h« 
~°^«^P^ of reflection, but not necessarily 
has satisfactory press working function. 

„ SUMMARY OP TW .m/ein™... 

m*^.gjpmant that can positively realize such 
rofl f»« have regularly or arbitrarily vrarued 
Projections and indentations. ^ M 

i.roll'^jS^^ P^nfnvanttent 
raX2L,^!L , C 6 • , * IS** ^ »hamno»s of 
SSLt^J? ««» «~s on the 

* JL1.M^ °°rset of the preset ^vantion to 

«« sur « • W*1cating 
01 P"»*»fl «nd efficiently supply 

S^^T^ m<^««lons in which a 

to eonara on the tooL 

snother object of the present invention to 
„ PJ^^^^^ssun^cestnjcturamatcan 

^fH^H S mO mt * ***** ccmpacated pro- 
frctiona and indentations on tha surface as de- 
scribed above. 

^ process disclosed in the present Invention b 
sprocessof arnicro-patternfonnirigaiarx^ 
» surface, which comprises of the foflowlng stepsf 

(1) Forming a (Urn of add corrosion-resistant 
resin on the roalng rca surface by applying a 

'^H "L^JZ* Coao-on rasistant resin 
solution and a Aght-ebsort*>g agent- 
55 (2) Marking oft a desired pattern continuously 
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s^^^^P^. m, add corro- 

P<flm«nt. If ■ tMcfcnesarf^ b,ack <* 
»» surface olt?S2 To" t0 * ' 0mwd °" 
•vapor** i„ to « SiiVi '^n^ r,sM " 

endure igain«t an .t!*fr~!«™ resin may be 
process ITmTEZJ? 2? ao«*«rierrtloned 

««*<«no a ler^usVh a££E £ , dWfcM 

Honed eoaflna devfa. ^£ ,bov *«»o- 
neousfy; ""P«o*% or KmuMa. 

make • 6W«nL^^i Wo,om,<,ot »to 
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°' the machined rollls . ro,,^Cl! r0,aWon «' ««gle 
, * bating $ha/f ^ ^a^ r !° n " ,e,M «" 
* control devfc. » ,«/ n *" >taVn 9 device, and tha 

modulator In re*W* r??*^ flr « optical 
encode and an ^£1 ZJf S '9 naJ «" » rotary 
the above™ nU o^:^ ,o : ariw «» drlv££ 
'« raspons. to a SJ ° Ptk * ™d«<ator 

corraapondho rT^o^^"*'? °' « »•* 
aWmenttonad irna« forming 
reference to tha plowed 2 S,flnai 
15 rna^S^^'J^on rata,., fo , 
minute psttem eompo^^T? "« « 
'"dentations and a^fcW ^?fT d ' flt P° n<wik « 
continuous qfoove^l«^L^' m ^P 0 ** of 

tave a surface pattarn ^2^., ^ on *- m *y 
'"dentation encWser.^^? Unuous "«-*a 

„ ""dentations ira arranoad J!?^ *• pond Ok. 

* ""era . new*. ESSSL*? ,noth * f P*«°n 

'ormlnfl such a fi^fcWL^^ hpfW » 
r*e independently craJn^Lw d * 3crtb ^ *«>ove 
^P^^l^ " P«tt»rn 

* w«h . flat VSSSTIn^ 0 " ^^ona 
«^P««.d of Sn^^Jf™ P«««n 
top flat surface " ou " ""t-Sca proj«ctfona wfth a 

these "'^ P"^tten 



• S^*.*^ from 



45 



t»* rot ™!£S! > :'™r , »*« 

^^theaioWSSJL?^ S 8 "*^ 
tr»pfcmedda^^* ,Bni,h,drt «tor«nd 

ad2d ^m^c^^^r 0 " " ^ 

Placed within the l^o^c«^^ 1 . mo<,u,ltor * 
the midway of a laaaroo^^T^ ta P** 5 * In 



59 



55 



60 



55 



op^JC^? ^ for showing 
^»«^of.pstt«nofth.ptem 

P*^t Invention. ^ ^ ^ 

Rg. 6 Is a block olaorim for *h*»A~* ^ 
^ofthtpr^ntlrSru ^ 

fQ. 10 Is a pattern of regular projections and 
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indentations. 

I.2L 11 to * * cn amatic perspective view for 
snowing « surface of a metallic steel sheet for 
Pr S? Ch<ninfl "i"* °f the Pnaant Invention. 

Jig. 12 Is a graph for snowing influence of a 
sKlnpaas rolling rate against a transferring rate. 

Fig. 13 is a graph for showing influence of a 
skin pass rolling rate against a mechanical 
property. 

Rg. 14 is a schematic view for schematically 
showing a press machining operation 

Fig. 15 is a view for showing projections and 
Indentations at the surface m the preferred 
embodiment of the present Invention. 

FJg. 18 is a view of patterns for showing 
surfaces of rolls trlafly formed and condition of 
projections and Indentations in the surface of 
material made by the trtafly formed rods. 

Fig. 17 is a diagram of steps for showing a roa 
manufacturing process. 

18 & an Hustratrve view for showing a 
testing method for evaluating a press machin- 
ing operation. 

Rg. 19 is a graph for showing a result of a 
sliding test 

Fig. 20 is a graph for showing a result of 
sharpness of reflection. 

Figs. 21 and 22 are a partial section for 
showing a steel sheet and a roll for Indicating a 
double skin pass. ^ 

DESCRIPTIO N OP THE Pflgpgn acn 

embodiments; " 

It to an important feature In the present invention 

howtomakeaneffk^(waporatkxiarKjrefnovmiof 
a resin film formed on a surface of a rotting rol. That 
I* to say. the resin film where a laser beam is radtoted 
LT^r"^ "* ramov,d ***** having any 

^r^,^ 1 ^^?^ 3 fUrth#r 1 *^ must 
oe prevented from being spreaded over and around 
the formed fine holes (dote) to form a thermally 
^fluenced pan and to make a vague eoiteurof each 
of the dots. 

mH^Hf d,1Cf *« J above, the present 

Invention has a feature that ss a laser, a 0 switched 

^f^? -n order to increase a rate of 

J^^^^^TrwQswfcatomee™ 
f or maMng a putoe ki which a radiation time per one 
h made quite short and a peak power Is 
by avaMa corresponding to m. shortened 
wne In ease of maMng pulsation of the laser. With 
into arrangement, a heating time of the irradiation 
parti s quite short and its thermal (inducting time la 
^^«««ng in that a fed opttail^^rn5 
dispensed through a thermal corrfuctton but (ocafly 
«£=™trated. As a result. It Is possible to make an 
•fflctont evaporation of the resin and further to 
raduee an expansion of the thermally Influenced p« 
around It In general, since a qufte high frequency* 
putoe to required m vtow of an efflc2rK^ZmbS 
operation, the laser l, required to^rovid. • cerUta 
Wflh output So. the toserto be used^mis cas?to 
most preferably an YAQ laser of a so-caked 
continuous exciting 0*witch typs. The ebo-reW 



"oried laser hss an advantage that a hioh f««— _ 
P*Ji of several 10kHz «.h%hou^u,«5^o^v 
^fXT"? "* is easily 

as a short pulse through a 0 switch. In addrttorT! 

J^^TJ^ * 001 *™ «*• minium 
^ameter which can be metered by a condenser 

S J * '0 m. resulting in th.H 

.^"^ ttn "« fln a pattern of projections and 

weve tongth Is near that of a visible light and its 
«*»o*|nfl rate In a norma! resin i, tow. resuW^ In 

is 22L? ob| • c, °"» * '"ay attained by 

mKw ^SL M optical absorbing 

S5£to « «^ Wack or a pigment is 9 

a fcvt^"? £ •*P«rtments performed by th 

^^•".ll^ 00 - that the 

l™_ mM<1 *«h the above-mentioned optical ab- 

«-* « * prferebl. to h£S 
^Woiesaofab^itolOumwhentheYAQIaserof 

» threugh-pasa hole In a resin Aim Is formed lh a 

• tool Nek flrntMekness may not cause a hole (dot) 
^ZZ**™"*?™" to be formed and In turn 

n a preferable to use a coating of normal 

Sn^to^r^ P *^' C ^ 

X "J? pfM * 1t *"■"*»". •Hher a 

?££?ZtZ± P^ont is added es an absorbing 
Z^l!?* 3 «> th* ant^xktatton corrosion, 
resiatont resin mm. so that It is possible to evaporate 
„ ^'•'■♦'•fBrn with the YAQ laser beam heMngalow 
« outp^and iurther It is also possible to expos the 
22? * tft ? rel ac«»rdance wfth the 

2S^i^^ toto ^«Patt-nquite 

js ^^H^!! 3 ' ** m * mod Pr"^« 

^ ^J^* 1 m,mod * w^- 
Poaed of the Mowing three steps 

At (Injt a first step win be described. 

Reati eoaflng mixed with optical absorbing ma- 

«*• rol, the rmsin shows evaporation of its 
sonrem agent at the surface of the roll and Is 
•oWftod there, resulting m forming a thin flm 28 of 
resin at the roa surface. If the roll 1 is rotated and the 
c * "W«d In an axial direction of the roH. 

« me thin fDm 28 Is formed ever an entire drcum- 
tarenca^of the rafl 1 aa the spray gun 8 is moved. 

A second step of the operation wif be described 
than. 

M _ * case, the roe le kept rotating and a 
60 ^«^heerf10toriwvedlnaflaxiaia1reetl n 
o*8»rol end a purse laser beam 29 Is concentrated 
through a lens 30 onto a predetermined location on 
the rot surface having the thin film 28 formed 
thereon and then radiated. The thin film 28 at a 
65 portion whan the beam to radiated through this 
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m?£? 1 «™""«««c. of the rol i under rotation* 
Je rol. 1 and movement of the laser radiation S£ 



10 



10. 

A mird step of the operation of the orm***, 
'nvention win be described pre39m 
As etching liquid 31 Is sprayed thrown a mo*™, 
gun 11. . portion no! °cZm«^E£* 

from • front sldTof tho 
of the preferred emboolment and Ha. 2 fa 

^ • P«P^ taken from a r^ 2 
ttw same. Rga. i and 2 are schematic vtowTtar 

P^^^tton. Accompanying device, which are 
"Tsttfed ectuafty but of which description is not 
re**** are m ,„. ftSoT 

1?*^?*^?""" d** 5 * >» comprised of rol supper. 

Both end* of me rolling rol of a^wrt«£»«. 
"PPorted ftepectlwrrby th, "cn^nE £ 

optical absorbing rnJe^3^7^r^*t^ 
rojn, arra^lt a «. p^hV^S 

* compose of a Q switch, tor prootete Vputeo 
b«m in raapona. to an electric almlsZftWt 

oscillator 9a, and a laser radatfon head 9b hetuAv, 

"•cassarlly coMdad to each other and ln?o£! 

"rraguarly arranged as shown In Rg. « 

m Rg. 9. a direction Mteatad by art anew 
rotational direction of the rtJ«Z^£Z£ 
P^™***- to the tom^SS^SS^i 

through this rolling with this pattern ttyJtT^Z 
pattern in . rotting dir«Woftn. roTSd ffi 

Rg. 10. m case of a method using the mechanical 
<* opecr. a quit, aecuacy I, h^SSS 



d^^f^J!?"!?,^^ to the coatlr!" 

taTrcugh JTt^n '! '""^ **" *• tank 
Blotter o. M ™* 11 A spra * Sun S. a laser 
E?14 11 « mounts, on £ 

» Wand 18 toZI J^"*?**- ^ tan '« H 
•W. I^'";^^ to each other. For 

dlra^' 14 can be moved In an axial 
SSa^l 0 ' 1 ^ • ^^tlon perp.ndlcu.a7to 

L^t^T^ to the laser plotter 9 m order t 
^°^*V^ *"» 9 having an opflcaTJulp. 

«««• "oukJ tank 47. ^^p^^nTSvE. 23* 

X r?2H?A Mrt " * <** oata, A control devfceU 

coma^ a ^J^ OUB,, ' ^ » which is 
»"P^ of a rotary encocor (not shownj wsem- 

to^S ^^K^i- ^ * ^ 

« eabtobM^n^l ^««B n «««^28and. 

soa^T^^ ^ * ^ °» t"* «■ 1 
r^T* 0 "y the abevc-mentlofted plot data in 

45 ri JI^^£!T t ^^ tecon » t ^ted M 

««^^tJonad photo-etching process and fur- 
°T • m * r **«cturlng cost can be aubstantlaBv 

^.f* ,bov ^«ition*d series of 

rtJy^J^TJ?" J*" 29 "P 00 oomplstlon of the 
•tcWng process is not nsaoad. it is possibl t 

^.T^d out oontmuousiy by rr^«r« tt orVme X? 
t*w^lnttia same manner as oascnoed above. 

now to Figs. 4 and 5. a process for 
toni^pttto.nrf projections and Indentations to 

TJ^y^J'lJ^ * th. rol 1 wit. be 
^••crlbed^Rg^4 shows one example of an enlarged 

f^o«oni i»nd indentations constructed on the 
surface of the rod. wherein a white background is a 
65 P« ~t radiated with ^ I.e. . ptn nV ,Kh* 
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The part Indicated by hatched lines corresponds to a 
part Irradiated wfth laser. I.e. a part to be etched. In 
rtg.i. vertical and horizontal lines are drawn only for 
a sak of convenience and so they are not actually 
present 7 

In Rg. 4, a r tationai direction of the roll 1 is set in 
a vertical arrow direction 33 and a moving direction 
of the XY table 15 toward the axial direction of the 
roll Is set in a lateral arrow direction 34. As described 
above, since a punching hole in the thin film through 
a law plotter is helically formed on a circumference 
of the rod, regions indicated by hatched lines in Rg. 4 
are formed in sequence from a left vertical row to a 
right vertical row. 

In case of forming this pattern, it it necesaary to 
make a highly accurate coincidence with a rotational 
speed of the rofl and an ejecting timing of the pulse 
laser in order to eliminate a displacement in posrtion 
of plotted point in the adjoinng rows, (n the 
apparatus of the present Invention, a rotational angle 
of the roil Is detected by a rotary encoder and a pulse 
beam ejecting timing is defiend by electrical means 
« correspondence wfth the detection, so that the 
present invention can be realized without requttw a 
substantial accuracy in a motor for the roll rotating 
device. 

In the present invention, It Is constructed as a 
system In Which a power of the laser oscfflator does 
not directly melt a metal on the surface of the roe\ 
but evaporate only a resin of low melting point 
formed on the surface of the roi, so that the present 
invention does not require any high power laser such 
as a COt laser. In view of this fact the present 
invention Is based upon that a laser capable of 
oscillating a quite high frequency pulse beam 
through electric means under a superior dependa- 
bility, I.e. a Q swttch YAQ laser in this case can be 
used. 

Rg.5 is a three dimensional roughness chart for 
showing one example of a profit of a roughened 
surface rod formed by the method and apparatus of 
the present Invention. Of course. In accordance wtth 
the present invention, It Is not restricted to a pattern 
shown in fig. 5, but It Is posaWe to etch a universsJ 
pattern, wherein Its figure ts autonttieaay formed by 
the *mage processing device 23 and then It can be 
copied to the surface of the roi automatically by the 



An Important advantage of the present invention 

SSf^ 5* *** tt ***pment 

drying and the Bee are eftranated and made m an 
automatic operation as compared with that of the 
conventional type of photo-etching process, so that 
an operation of the prior art requiring eight hours per 
one rod is finished approxirfiatery In sixty rr^ea. It 
has a superior feature In mass production and a 
labor saving. In addroon, in accordance with the 
method of the present invention, ft is one of the 
features that a work in a dark room which was 
required « the above-mentioned photo-etching 
process can be eliminated. 
♦ J**? 1 * o* 0 * 5 *' configuration of the above-men- 
ttened laser plotter and its control device wfl be 
»"*b*l As already described above, the method 
of the present Invention is carried out such that 



short Hght pulses through a Q switch are struck ont 
the roll In side by side t form a partem. In misuse 
Klsnecessaryt make a high accurate coincidence 
between a rotational speed of the r a and T 
* ejection timing of the pulse laser. 

Further, the above-mentioned process has a 
problem that a power value shows an irregular one In 
respect to a certain pulse. As apparent from an 
arrangement of dots in each of me rows in Rg. 4, it is 
W due to the fact that a portion having a dot In one row 
and a portion having no dot are mixed to each ther 
S*ce a scanning speed is kept constant, an Irregular 
time interval ts generated between the dots. Since 
an energy per pulse in case of a continuous 

^S^L Q * d#0 « nd ^ t «P<>n a time 

Interval of the pulse, resulting in that a pulse energy 
KL^*? Pfrt»on having no dot becomes^ 
Mgh and the sizes of the dots become irregular on 
20 SetreaSed" ***** « «" ^^«em Is 
Referring now to Rg. 6, an example of a pra fcaJ 
apparatus of the present invention wal be described. 
J^J™*^. 35 Is an YAG rod Jn case of a 

* 1^ £T ^Jzz o,ciBBtor 35 * * 

LS^JT? * olscnarging tamp not shown, a 
wenHmown laser resonator is composed of these 
Sr"?"^* M n * n * cttoo mirror 36 and a rmif -mirror 
36a. A first optical modulator 37 ts arranged between 
the resonator mirrors 36 and 36a and an acoustic 
30 optical element or the Oca is normally used as this 
modulator. A Q switch oscillation is carried ut by 
turning ON or OFF of the first optical modulator 37 a 
second optical modulator 37a ts arranged on an 
optical path of a laser beam 30 out of the resonator 
35 «nd this is similar to the above-mentioned first 
optical modulator 37. The laser beam 30 passed 
through the second optical modulator 37a is 
property changed in Its optical path by a mirror 38 
and the tike, focused by a condenser 39 and then 
40 radtated onto the rei 1 which is a workpiece. 

Then, a corrtrofang method of the optical modula- 
tors 37 and 37a wfll be described. A high frequency 
pulse signal acting as a reference signal for getting a 
timing when a pulse Is generated la produced by a 
45 rotary encoder 40 connected to a rotating shaft of 
the roi 1. Since this pulse Is produced not by a 
rotational speed of the roi, but generated In 
response to a rotational angle of the roi, this is a 
~ * followed by a rotation f 

SO the roi. This reference signal Is reduced by a counter 
41 . for example, to a fraction of integer as required 
end then converted into the number of dots for every 
clrcurnference of the roi 1. At this time, the higher a 
high frequency of a signal from the rotary encoder 
55 40. the hic^idec^ of freedoms 

a signal reduced by the counter 4 1 , resulting in that It 
Is preferable to provide the rotary encoder 40 having 
a resolution as high as possible. A drive 42 for 
driving the optical modulator 37 is controlled direct* 
so by using a signal produced from the counter41. 

The driver 42 may generate a high frequency 
voltage in case that the optical modulator 37 is an 
acoustic optical element this signal ts turned ON or 
OFF in response to the signal from the counteMl t 
55 turn ON or OFF the optical modulator. Since the 
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STaStttT^ ^^""WKjruJ from 
" 41, modulator 37 may act to 

turn ON * ., „, dot ^ ^ 1 » 

thj^wortyl^ 1. Th n. th driver 42a for use °n 
drlvwg the optical modulator 37a may drive the 
optical modulator 37. In response to , timing lq£ 
sent from the counter 41 on the basis of daU fa 
binary .needing data) which is arranged as a form of 
presence or non-presence of dots for makino an 
"mage stored in the Image memory 43 sndfooned. 
"« " to say. the optical modulator 37a la 
constructed such that the laser is turned ON only at 
the position of picture element at such a dot position 
om required for forming an image of son? 

'X?£^?J?£^ 
m aa " r ** d out from the image memory 43 In 

™Ponas to a signal from a frequency converter 41 

and then an optical modulator driver 42a Is con- 

data and the former data Itself. 

An action of the apparatus of the present 
invention wis be described In reference to n£r 

For a sake of convenience of description, a 
™**«ng process h the prior art and a waveform 
of laser pulse m the prior art modulation processus 
Figs. 7(a) and (b). m (^7?)" 
»»Wid a process of the present hvJSonSdl 
got through the process of the present 

R» 7(a) Oustrates a case in which the optical 
"•oduwor 37 la smang* between the resonator 
™nws38 and 36a which Is a so-cated Q switch type 
osculation method. In this case, there Is a certain 
picture element which does not reoiire any dots for 
«*ce of convenience of picture element itself. If 
the time interval of the pulse becomes an irregular 
«£, puhe just after the alwve^onedlong 

Fig. 7(a). resulting si producing Irregularity. 

As shown in Fig. 7(b). in case that an optical 
modutetor 37a Is placed outside the nuoiunt 
•wore 38 and 38a, a value of each of puleea la 
ragularty arranged even V there Is an hegufaroulse 

resulting in that Rs radiation time is extended to 
9~^*»*ulamyM deserved above. 

ma optical modulator 37 turns ON the laser for al 
P«turs elements, resulting In mat the laser 

1cm ihatfng « linear Ineof Rg. 7(c) added with a 
dotted ins. U. a wave-form having an equal spacing 
•nd then the peak power vsJuessre equal towS 
otherat «| pulses. In addition. noiKreq^^ulaes 
the optic* modito^^lT. 
Mrtes of pulse waves having Irregular spacing and 
^P^pow^valu^as^^^br,^^ 

•chemabcaiy a row of dots 44 formed by this laser 

2£!J2 t ^L P,0C ^? shown 10 7 W • *»» « have 
different sizes after a certain spacing is left n 

.t^^"*'* of d^TirrU^. £ 
£"^^«*£the process of the present Inven- 
ts dots 48 which are equal In size to therdots44 
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•re formed. 

With the above-mentioned irrancem«n. i. 
Possible t make an accurate^onlroT * . \ . 

senate an regular size of dots and so on accurate 
pattern forming can be attained 

Jt^r^7 S r0CM f °' "» P^^t Invention. 
M surt!!^ 11 e,n bt "w«arad t provid 

r^£^L. Y"°"»tor 9a is divided int a 
^TSblS^ ^ *' ^oscopte mirror, 
ftnt-TrS^ •** * <*vW«d hser beams is 

(a) Sinceme laser oseOator may evaporate a 
2S ^^^^ * P^leT^hJh 
»^»rt wavelength and further s more (me 
mSj™J"J!™* «nd * addmon™ 

OnSF^^T " u " d - <" that 

urKJfF of the laser pubs can freaiv h. 

-iiSL^SLi.' 0- " >tltton "d • P«l»a beam 
^ •'Really coupled. It is 

SSS5ELJ " ,ccura, • patteni of 

Pfojectlons and indentsiions without having any 
w pattern displacement not depending upon an 

^T"^ SpMd Contro ' of ■ m °«or or the Hks. 

(c)»jce a pattern of projections and 
«o«nWlons Is formed by an etching process 
thereto no austenlte layer through melting at 
« the formed projections and indentations of the 
r«Jandw the ronr^rol raving projections and 
todemattona has a superior enU-wear eharac- 

I9fUDC 

etf W) «hw t simpte st«p, rvquirw r>o dark 

« room wortc such ts t photo^tching or the Uka, 

tndwtutomttteoptra^ 
«• nwnut^cturing cost It Ims «xfMnsjv« due to 
ftt labor stMng. 

« h^! 0 "*!!?. 10 pflS€nt *nvwttkm, a rotting roil 
£££ ™* indantattons 

pattarn which could not ba manufactured by the 
^^5°^ tyP« of shot blaatlTaaprocasaoralaaar 
t*****toQ can ba mamiteturad afnaienatty and 
teaa expatiahns by a photc^ehfng procasa. In this 
S**^?*^**^** nw» final pamam fbrming can 
oa Performed with tha Q switch and YAQ lasar 
^ ccor( 8ngsy ( *t Is possibia to provfds a 'ass-axpans* 
ttrga amount of staa. shaats whteh hava a 
suparlor surfaca charmctarlsdc in press forming or 
60 omamantal crttracteristk: by using mis rotting roil 

Maxt tha staa, shaats provWed with a surface 
P«ttam by appiytng tha abc^nanttonad roll and its 
rranuteturlng method wfl ba described. 
As desenbed above, tha conventional rolfbruse 
65 « maiiuftirturtng a stee< sheet having micro-patterns 
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trl.^ir * conventional^. 
* L ?** 001 "ocoftHHtoh the desired object of the 

T** " I" order t adopt it t the 

SZZTT™ 1 ° b,8Ct *" d «• Aching proce,,* 
applied to the rolling roll. 

That Is, ss shown In a process figure of Fig 17 . 
res,* „ app^ t0 m- ^ « • .V*^ 

ex^? , ,ha men the re? £ 

fi9ht thereafter an 

^thu. obtained on the ate* sh.« ^0^ 

^^25:^^°' Pro '* e,,0n • "* 
thtfa^S*! f^T- * Jrt,C * «how« 
««J^e superior accurate motif with «,t top 

No 62-11922 and Fig. 1 of Japarasel^Umt 
LaJd-Open No.62-168602. rK * m 

»t. 1 if s ^, t , 0 fJ? 3 * PP " #d to *• of these 

«e« sheets and a press machining characteristic 
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groov^ike ^d^utXT.,^?!, ^ t , ' 0r9 m# 

• slip!!! 



39 



dELZ^ P""** out the test pTeo.™ 
***»" 63 perpendicular to the puerile. V 
Of course, as described above, suehatest otee a. 
on. having a low res^ne. „' *~1 
forming eharaeteftetle. pw 

t^^tZ'Z^T ' ™* * «P»*n«* of the 
•Wng reaistanc.. A* shown m Ffcj. 19, it hj a feature 
of the present invention im . JZLJ_ ZZZZZ^Z 



0/ th. prw.w IrW^taTiS; sa^'r^biSS 



fr^EL^!? 11 " 9 «• «"Cf«sed as Rate 

conventlonaJ type of shot biaat or a rel crovkfcZJm! 
projection, and M««a 1 loTtt^.'^i^ 
procw i. Hunted in the ngWan^£?2 
<«"• mat** pSiVSW 
^..H^V P 0 ***"* •» an MermeWpanoT 

^ «^ l «o^^ «urt a. 

^•bovemerrtlooed poodle «^m^ttm*£ 
rr»echani«n can be cowtruadaTtoiaw,^' 

SL^JT^ °" h * W * ,h « ino^maitenT; 

SSn^tanKZ "IST *• *" «• »" 
awenarged to the sliding surface by that pressure so 

fwto" «n effect <* tuortMdorT 
■"turTvincas.ofon^i^^^t,,,^,^^ 



ope**ton ahc^i Wgh OO, vrti. abo aft w 

^ »nproved margin of the steel ih«t 
h«*»0 grooves indei^tton. i.>Sfln^L 21 

on2^.^^ , ^ , ^^*«'ooat^ 
op«*»ona are low and Its sharpness of reflects! 

4S S^,^ rt ^^»««n*co.t«ng 
J^**jj n *nt described above, It Is made apparent 

» r^L2!«^* H 2" fl/80v * flk « indentations v - 
^ a J snth>8urt «ottn.5t^^t la the moat 
~PT"orone „ thenar*., MU-ylnfl 
~ehWng cnaract*** ar^S of pK 

•V^T^l?^ 1 ^ ' ,ca *e D l»» pettern 
f^W»Por«H*e Mentation. 51 and groove-luce 

f^y^y. 1 " «»• 11- In ess. of performing . 

aZJ£?£l I??!? 0 !? S1 h ^ "reeelve. 
^^^» , ^ 0 ^ 0 ^^Bed to a flat part 53 
where metool Is contacted with the materlai so ss to 
*JJ*tos an effecW/e lubricating characteriatlc. In turrv 

« ^«^beeemeaeoat«igflowpath.resuttlngin 
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making a uniform coating and a sharpness of 
reflection Is Improved. 

Another case (a case N . 2) is made such that the 
pond-tike indentations end groove like indentations 
are formed on the separate positions in the steel 
sheet in response to a shape of the press formed 
product. 

In case that the steel sheet 54 is press formed, the 
most important location is a part 54a of the steel 
sheet contacting with the die 57 shown in Fig. 14 and 
in turn a location where a sharpness of reflection 
characteristic is required fs a part 54b of the steel 
sheet corresponding to a punch surface 55. Accord* 
ingty. in case that the shape of the formed product is 
well-known one, pond-tike pattern is formed at the 
steel sheet 54« tnd trie groove like pattern is formed 
at the part 54b. 

These steel sheets are got through a skin pass 
rotting by rolls having projections and Mentations 
opposite to those of the steel sheets. In this case, a 
desired steel sheet can be manufactured through a 
skin pass ro«r>g shown ln^. 16 by ro0sr*v^ 
indentations of pond lies and groove-tike. Otherwise, 
the skin pass roiling Is applied with one roil formed 
with either the pond-tike indentations or groove-Oke 
indentations and then with another rofl formed with 
either indentations opposite to the former. 

A method for applying a preferable pattern to the 
steel sheet during a reskin pass rottng wi be 
described as foftows. For example, a steel sheet sMn 
pass rolled once with a rofl having a rectangular 
indentation with one side length (a) Is transferred 
with groove-tike indentations so u to enclose the 
projections with one side (a). Under this condKton, 
although the sharpness reflection characteristic is 
superior, a prw rofSng workabffty is not always 
superior. Accordingly. It is necessary to form only 
the pond-Oke indentations separated through the 
second skin pass at the projections with one side 

(a) . Due to this fact during second skin pass 
operation, the rot formed with the groove-tice 
indentations (in other words, the projections wtth 
one side (b» is appied. It is necessary to fuffil the 
foiowing equation (1). in this equation. / denotes a 
Prtchofmeprojecttonartfind^ 

skin pass rot. 

C + b < s (i) 

In Bg. 21 is austrated schematlcaly a positional 
rtlatton^ofthewtiemem^ln^i.artf^^ 
numeral 71 denotes a sectional surface of a surface 
part of the steel sheet got through the first skin pass 
rotHng in which a pro jection 73 wtth a aids length (a) 
is formed together wtth the groove-Oke inoentations 
72. That is, the first time skin pass rofl is used with a 
rofl formed wtth a rectangular indentation wfth a side 
length (a). 

tn case that this steel sheet Is provided with 
pond-tike Indentations 78 wtth a pitch / and a width 

(b) spaced apart by using s second skin pass rd 75 
having the groove-tike projections 74 with a pitch / 
and a width (b). the above-mentioned equation (1) 
must be fulfilled. 

Hg. 22 indicates a case In which the steel sheet 71 
got through the first sion pass roffing has pond-Oke 
indentations 78 spaced apart with a pitch / and a 



width (b). As shown in Fig. 22, the spaced-apart 
pond-«ke indentations 78 wfth a pitch / and a side 
(b) are applied to the steel sheet 71 through a first 
skin pass rolling and than s roll having spaced-apart 
5 pond-like Indentations 77 with a side (a) so as to 
futfW the above-mentioned equation (1) through th 
second sion pass roiling may also be used. 

Then, an appropriate size of these minimum 
surface pattern wtfl be described. 
10 I" order to prevent a trouble such as cracks during 
a press forming work, it is necessary to keep 
lubricant m the pond (See indentations. In order t 
prevent a gaffing of die as described above, it is 
necessary to provide indentations to trap the worn 
13 Powders generated during press working operation. 
The lubricant of stored in the pond-tike indentations 
51 shown In Rg. 11 flows out to the fiat part 53 so* as 
to prevent a metafic contact between the flat part 53 
„ t0< * 0urin * operation. It Is assumed that 

20 anWrnurnfRm thickness of the lubricant ofl required 
at Its contacting surface is about 1 urn, and further it 
fa assumed that surface areas of the pond like 
indentatlone 51 and the fiat part 53 are defined as Sa 
and So, a depth d (urn) of the pond-i»ce Indenta- 
25 tiona 1 can be expressed as fbidws, 

d 2 (Sb/Sa) That is to say, when the area of the fiat 
portion 53 is larger than that of the pond-like 
indentations 51, s depth of the pond-tike indenta- 
tions Is deep and in turn in case that the former is 
30 opposite to the tatter one, tt may be shallow. 
Provided that If a value of Sb/Sa is too high, as 
described above In reference to the laser dulling rofl 
process, it is apt to have a situation that a sufficient 
amount of RJbricant ol is not supplied to the fiat part 
35 53 and In this case it may be expressed as 
(Sb/Sa) £ 5. 

A decreasing of the value (Sb/Sa) may result In an 
increasing of space for keeping lubricant ofl in the 
pond-Oke Indentations and this is effective In 
40 performing a ptw forming work. However, tn turn 
the area of the flat surface 53 is decreased and the 
sharpness of reflection Is deteriorated. Provided that 
If the work passes through the coating process, the 
sharpness of reflection after coating Is Improved 
45 more under an affect of side grooves. 

m this case, it is assumed that this problem is 
understood as s wide one and even if the coating is 
not sppied, a better sharpness of reflection is 
assured. According to this technical concept, a 
50 relation of 
(Sb/Sa) 0.5 

is appropri a te. So, the fosowing relation of 0.5 a 
(Sb/Sa) £ 5.0 

Is appropri a te. As regards the depth (d), as 
55 described above, a relation of d (Sb/Sa) can be 
appied. However, If ft Is assumed that a trap function 
for iron powder caused by the gaffing of die fs 
co f ttt doro d , a relation of d >2.0 (urn) Is preferable. 
Provided that the above foregoing is s mere 
60 example, and In case that an txcessrve drawing work 
is applied for a bath tub. for example, or when a part 
of which die gating becomes a quite problem, a 
relation of d >10.0 (urn is also generated and in 
case of a low amount of formation, the value (d) is 
55 low and a case that a relation of 
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(So/sa, a 10 

is generated. 

*t and so it ia i^t .11 n * njrafl >' <*" •wmpie of 

detan£Jl?-? *•« & * to 10 (i/n. A 

resistance undaTe^r!^^ • Qu«« tew sftdlng 
reoartfTr^!^ P^?" 1 "^ «P**nent Also as 
regaraa a aharpnesa of reflection. * ^ ^ 
wiie level as that of tha^^^?^ 
couJd be attained Wentatfona 55 
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Cfalma 

applying a mixture of an acid M r™.£7 y 
aurfaca pwrn 00 the roil 

gtnmthg a pufee-iiice laser 

M« irtew^ device for .'t<*ir, g , roll 
SU ^ C * P^* 1 ^ MW plotter: 

(Han image processing device for 
dOtt to maka a binary encoding and to 

4) An equipment for forming a mlero-Mtt~- 

«»«^Ptettjr la provided wflr, an YAQ fcaer 
o^Jtater. « flrst optte* modulator arrant 
J^^two fwootm mirrors in said laser 

^ n i^^,V^ Bon * «^» of the roil 
«|"Poaa4 of a rotary encoder; and 

m TJ^£*?V" ****** with an optical 
modulator driver for driving uid rmt optica! 
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modulator In response to a clock signal of said 
rotary encoder, and with an optical modulator 
driver for drMng said second optical modulator 
m respona* to a stngal taken out of a portion 
corresponding t ad t required for making said 
image from said clock signal In reference to the 
plot data. 

5) An equipment for forming a micro-pattern 
on the surface of a rolling roli according to claim 
3) or 4) in which the laser plotter Is provided 
with a spectroscope for dividing a laser beam 
into a plurality of Knee between the laser 
oscillator and the second optical modulator and 
furtn#f wfth * plurartty of second optical 
modulators in correspondence with the number 
of divided laser beams. 

6) A metallic sheet for use In prase forming 
having on the surface thereof a micro-pattern 
composed of independent pond-Oke Indenta- 
tions and continuous groove-like indentations. 

7) A metallic sheet for use in prw forming 
**ordlng to claim 6) m whicn (ridepeftdent 
pond-like indentations are arranged in regu- 
lated locations and continuous nettfce groove- 
like indentations are enclosing a circumferen- 
ces of said Indentations. 

SMrnetaiflc sheet for use m press forming 
according to daim 6) in which independent 
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P^lke Indentations are aming* at a part of 
the sheet surface, and continuous neHfce 

part thereof. 

9) A roN for rolfing metallic sheet for press 
forming comprising a surface pattern com- 
posed flat topped independent trapezoid pro- 
jections and/or flat topped continuous net-like 
projections. 

10) A method for preparing a mettaUc sheet 
for press forming comprising skin pass rolling 
sj^uenttafly by using a roll having Independent 
toxoid projections and by using another roll 
having net-Wee projections. 

11) A method for preparing a metallic sheet 

w?k*E! §cc ^ t0 cWm 10) in 

whteh the rofl with continuous netWOce profec- 

^isnd a pttch of the trap** independent 
projections of the other roil is used. 
J^'? # ^' or P^Pving a metaHc sheet 
comprising: using a rofl which 
E^Li^? 10 * mm w^Posed of flat 
topped independent trapezoid projections and/ 
ori al popped continuous net-like projections, 

^J^,^*** «* with reduction 
rate of 0.3 to 2 
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